Influence of exogenous glutathione (GSH), as stressfactor, on the activity of lysosome enzymes in some organs of mice
Introduction
Glutathione (L-γ-glutamyl-L-cysteinyl-glycine; GSH) has emerged to be one of the most fascinating molecules present in all animal cells often in quite high (mM) concentrations. It is known to have multifaceted physiological functions including: antioxidant defense and detoxification of electrophilic xenobiotics (SIES, 1999) ; modulation of redox regulated signal transduction and gene expression (ITO et al., 1998) ; storage and transport of cysteine (SCHOFFNER et al., 1995) ; regulation of cell proliferation (HUANG et al., 1998) ; regulation of immune response (NAKAGAWA and RUDENSKY, 1999) . The glutathione status may be used as a biological marker of aging (NOKATA et al., 1996) . The ratio of GSH/GSSG is used as an index of the oxidative stress and may be the exponent of the organism's homeostasis (SAGARA et al., 1998) . The function of several physiological proteins, including cellular enzymes and signaling molecules, is regulated by thiol-disulfide exchange between protein thiols and GSH mainly (FREEMAN et al., 1997) . It was observed that oxidative processes determined in sarcoplasmic and myofibillar proteins could be respectively implicated in meat colour stability (myoglobin autooxidation) and tenderness changes during maturation of meat (RENERRE et al., 1996) . Lysosomes are membrane-bound organelles with an acidic internal milieu containing hydrolytic enzymes for degradation of proteins, lipids, nucleic acids and saccharides. The lysosomal compartment has multiple functions and it may be indicator of adaptative abilities (HICKS, 1995) . It is known that lysosomes are especially sensitive to oxidative stress . It was investigated that hydroxyl radicals destabilize the lysosomal membranes and thereby cause leakage of lysosomal enzymes to the cytosol with ensuing cellular degeneration or even death (HELLQUIST et al., 1997; ÖLLINGER, 2000) . The aim of this study was in connection with these data to investigate the influence of exogenous glutathione (GSH) on the activity of lysosomal hydrolases in hepatocytes, kidney and skeletal muscle of mice.
Material and Methods
The studies were carried out on 30 Swiss male mice of body weight 20-22 g, aged 8 weeks, chosen at random from the population maintained at the Institute of Genetics and Animal Breeding, Polish Academy of Sciences in Jastrzębiec. The animals were kept in standard cages of the farm at temperature 22 0 C, under 12 hours of light and 12 hours of darkness. They were fed with a homogenous industrial fodder (16% of protein) made by Animal Food Company in Łomna near Warsaw. The fodder and the water were available ad libitum. The animals were divided into three groups, 10 mice in each. GSH solved in 0.9% NaCl solution was administered by peritoneal injection -100 µg/g of body weight in 250 µl of solution for group I and 200µg/g of body weight in 250 µl of solution for group II. Animals of group III, treated as control, received an injection of 250 µl of 0.9% NaCl (pure). All the injections were performed over a period of 7 days, twice daily, at 8.30 a.m. and 4.30 p.m. After decapitation operated, 16 hours after last injection, immediately the liver, kidney and skeletal muscle of left thigh were taken and subjected to perfusion in 0.9% NaCl solution at +5 0 C. After grinding tissues were placed in a 0.1 M phosphate buffer, pH 7.0, in ratio 1g/6 ml. Next, the liver and the kidney were homogenized in the Potter homogenizer with a teflon piston and the skeletal muscle was homogenized with a glass piston at 200 rotations/min. with four up-down movements. These homogenates were centrifuged at Sorvall centrifuge for 10 minutes at 3500 rpm. and again for 20 minutes at 14000 rpm. The precipitate containing lysosomes was diluted in a 0.1 M phosphate buffer, pH 6.0 with Triton X-100 and finally frozen at -20 0 C. The clear supernatant was subjected to determination of the activities of lysosomal enzymes. In the lysosomal fractions of the liver, the kidney and the skeletal muscle was determine the activity: alanylaminopeptidase (AAP -E.C. 3.4.11.2); leucylaminopeptidase (LAP -E.C. 3.4.11.1); cathepsin D and L (Cat. D and L -E C. 3.4.23.5); acid phosphatase (AP -E.C. 3.1.3.2); lysosomal esterase (EL -E.C. 3.1.1.2); lysosomal lipase (LL -E.C. 3.1.1.13); beta -galactosidase (BGAL -E.C. 3.2.1.23); beta -glucosidase (BGLU -E.C. 3.2.1.21); N-acetyl-beta-glucosaminidase (NAGL -E.C. 3.2.1.30).
The activity of AP, EL, LL, BGAL, BGLU and NAGL was determined spectrophotometrically as 4-nitrophenyl derivatives at 420 nm according to BARRETT's and HEATH`s micro-method (1972) . The activity of LAP and AAP was determined spectrophotometrically as Fast Blue BB salt (4-benzoyloamino-2.5-diethoxybenzene-diazonium chloride) derivatives at 540 nm according to the method of MC DONALD and BARRETT (1986) . The activity of cathepsin D and L was determined spectrophotometrically as 2% azocasein in 6 mol urea derivatives at 366 nm according to the method of LANGNER et al. (1973) . Spectrophotometer Lambda Bio 20/1998 (Perkin Elmer) was used. The reduced glutathione (GSH) and substrates for enzyme and protein determinations were purchased from SIGMA. In the lysosomal fractions the protein concentration was determined by the LOWRY's method modified by KIRSCHKE and WIEDERANDERS, (1984) . The activity of lysosomal hydrolases was expressed in nmol/mg of protein/hour. Moreover we have determined GSH level 4 and 16 hours after injection according to Ellman's method (1959) in the liver of 10 control mice which were peritoneally injected with 0.9% solution of NaCl and 10 experimental animals injected with solution of 100µg/g b.w. of GSH. The results obtained were analysed by analysis of variance. This experiment has been realized according to the agreement of Institute Ethic Commission for Animal Research.
Results
The results are presented in Tables 1-5 . The percentage changes of the activity were calculated accepting values obtained for control animals as 100%. Table 1 The activity (LSM + SEM) and percentage changes of lysosomal enzymes (nmol/ mg of protein/ hour) in the liver of mice after GSH injection; (n in each subgroup = 10) In the skeletal muscle ( *P< 0.01; **P< 0.05; ***P< 0.001; C-G1-between control group and group I (100µg/g GSH), C-G2 between control group and group II (200 µg/g GSH), G1-G2-between group I and group II We can see from Table 5 that F values for the majority of the examined enzymes were statistically high confirmed [P<0.001].
Discussion The intracellular synthesis of glutathione and its extracellular and intracellular degradation take place by the reactions of the γ-glutamyl cycle and a system of specific enzymes (KELLY, 1999) . The liver is very active in its synthesis de novo. It is limited by γ-glutamylcysteine synthetase (GCS) activity. However, the enzymatic capacity of the kidney to synthesis and degradation of the glutathione may be higher than that in the liver. Glutathione may be exported from the liver to the plasma and another tissues and it is controled by γ-glutamyltranspeptidase (WANG et al., 1998) . Supplementation of free GSH has to cause inhibition of GCS by high GSH level (MEISTER, 1991) . However, several studies have reported that GSH administration can increase cysteine transport into the cells and it may change the enzymatic control of cell (LEEUWENBURGH and JI, 1998) . Besides it has been suggested that the esters N-acetyl cysteine and iso-propyl-SG are easy transported into the living cells without specific transporter and can be the reductants as same as reduced glutathione (ENKVETCHAKUL and BOTTLE, 1995) . The results obtained indicate that the administration of exogenous GSH (both doses) caused the significant differences in the activity of the enzymes examined as compared to the control values. The studies conducted by KOŁĄTAJ et al. (1998) , LOMBARDO (1996) indicate, that the lysosomal system constitutes the defence lines of the cells against stressors and it responds to disturbances in cell homeostasis. Same studies indicate that sulphydryl groups have protective effect at lysosomal membrane and lysosomal sulphate transport is dependent upon these groups (BRUNK, et al., 1996; CHOU et al., 1998) . Differences in the activity of lysosomal hydrolases estimated in the control animals were the result of their tissue origin (FERLAND et al., 1990) . In all estimated organs the biggest activity was observed for AP. This enzyme is typical for the lysosomal fraction (CHEN and CHEN, 1988) . It has been reported that GSH is transported out of renal proximal tubular across the brush-border membrane by a membrane potential-sensitive carrier (LASH et al., 1998) . The highest activity of AAP and LAP was observed in the kidney, where they are placed first of all in the epithelium of renal tubule and are included in protein resorption from the tubuli fluid (MANTLE, 1991) . NAGL is a hydrolase, which participates in the breakdown of glycoproteins. The activity of this enzyme proved higher in the liver and kidney than in the muscle. Some studies have reported that the GSH depletion can modulate processes of glycosylation (mainly proteins) (JAIN, 1998) and different doses of GSH can change activity of estimated lysosomal glycosydases. Beside other numerous functions, the cell uses GSH for importing of γ-glutamylaminoacids and for the intracellular transport of cysteine, what among others, may cause an increase of the cathepsin activity. An increase of the proteolytic activity is linked with the activity of cathepsins and aminopeptidases too. Any type of stress burden results the significant fluctuations of cathepsin activity (SCHMIDT et al., 1993) . Activity of lysosomal esterases is an indicator of the cell lipolytic ability too. An increase of reduction processes caused by the administered GSH may decrease the rate of β-oxidation of fatty acids what, in turn, may result a decrease LL and EL activity in the kidney and LL in the liver (TIEN et al., 1982 ).
An exogenous reduced glutathione (GSH), independent from doses, introduced to an organism can demonstrate that the lysosomal enzymatic system plays an important role in the adaptative physiological response. These observed changes of the activity of examined lysosomal enzymes are probably on the basis of increasing of reducing environment in the cell. They are actually difficult to the explanation but they can have the pharmacological and physiological importance. It was also demonstrated a certain "organ specificity". The enzyme activity changes after GSH administration were somewhat differently in liver, kidneys and muscles, but we do not yet know the reasons for this differentiation.
